Introduction
============

Suicide is a worldwide public health problem and is among the ten leading causes of death.^[@bib1]^ Suicidal ideation is a risk factor for suicidal behavior, but its assessment has to rely on imprecise and subjective measures, hampered by patients\' reluctance to report suicidal thoughts.^[@bib2],\ [@bib3]^ While many clinical variables are correlated with suicidality, they are insufficient to identify risk in individual patients.^[@bib3],\ [@bib4]^ Objectively measured biomarkers could contribute to better risk prediction and clinical care.

A recent study by Le-Niculescu *et al.*^[@bib5]^ investigated biomarkers for suicidal ideation in a live discovery sample of patients with bipolar disorder (*n*=9). A Convergent Functional Genomics approach was used to prioritize genes which were differentially expressed between a high versus low suicidality state, on the basis of findings from postmortem brain gene expression studies of suicide victims, as well as genetic linkage or association studies on suicide. The top biomarkers were tested for differential expression in a validation sample of suicide victims (*n*=9) and for ability to predict past and future hospitalizations for suicidality in two follow-up cohorts with either bipolar disorder (*n*=42) or psychosis (*n*=46). It was reported that changes in the expression of four genes: spermidine/spermine N1-acetytransferase 1 (*SAT1*), phosphatase and tensin homolog (*PTEN),* mitogen-activated protein kinase kinase kinase 3 (*MAP3K3*) and myristoylated alanine-rich protein kinase C substrate (*MARCKS)* in the blood, could be used as biomarkers of a high versus low suicidal state and could predict hospitalizations for suicidality.^[@bib5]^

Biomarker research, in general, is plagued with overestimation of results in discovery studies with subsequent lack of replication, and findings which usually have limited predictive ability.^[@bib6],\ [@bib7]^ Currently, in psychiatry there are no biomarkers of clinical utility.^[@bib7]^ In suicidality biomarker research, the study of genetic, immunological and neuroendocrine biomarkers has generated inconsistent results, with little or no replication of initial findings.^[@bib8]^ Replication in large independent samples by independent research groups is essential to validate the results of biomarker discovery studies. Here, we investigate the expression of the proposed biomarkers *SAT1, PTEN, MAP3K3* and *MARCKS,* in patients with depression who experienced suicidal ideation during antidepressant treatment.

Materials and methods
=====================

Sample collection
-----------------

The Genome-Based Therapeutic Drugs for Depression Study (GENDEP) is a prospective pharmacogenetic study of patients with major depressive disorder (*n*=868) receiving 12-week antidepressant treatment.^[@bib9]^ Participants were recruited from nine European centers and diagnosed with major depressive disorder using the Schedules for Clinical Assessment in Neuropsychiatry Interview (SCAN), according to the International Classification of Diseases 10th edition (ICD-10) or Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-IV).^[@bib10],\ [@bib11],\ [@bib12]^ SCAN interviews were conducted by psychologists or psychiatrists trained at World Health Organisation Training and Research Centres. Exclusion criteria were psychotic disorder with mood incongruent psychotic symptoms or bipolar disorder.^[@bib9]^ Patients received a protocol-guided treatment with either escitalopram---a selective serotonin reuptake inhibiter or nortriptyline---a tricylic antidepressant.^[@bib9]^ All participants in the GENDEP study were of Caucasian European parentage.^[@bib9]^

Patients gave written informed consent and ethical approval was obtained from the local ethics committee at each center of recruitment. The GENDEP trial is registered at EudraCT (no. 2004-001723-38) and ISRCTN (no. 03693000).

Gene expression measurement
---------------------------

Blood was collected in PAXgene tubes (PreAnalytiX, Hombrechtikon, Switzerland) at both week 0 and week 8 for 136 participants and frozen at −80 °C.^[@bib13]^ PAXgene tubes were allowed to thaw for 12 h at room temperature and mRNA was isolated from whole blood using the Qiagen PAXgene Blood miRNA Kit (PreAnalytiX) following the manufacturer\'s protocol.^[@bib14]^ Genome-wide expression analysis was performed in four batches on Illumina Human HT-12 v4 BeadChip microarrays (Illumina, San Diego, CA, USA).

Quality control was performed using R 3.0.2. Gene expression values were log transformed. In the analysis of outliers of gene expression, 13 patients were excluded because the expression in one of their paired samples fell below 2 s.d. from the mean inter-array correlation. Additional filtering using sex-incongruent expression of probes within the *XIST* gene removed a further two samples. Detection score *P*-values were used for probe filtering (*P*\<0.1 in at least one sample), and probes displaying little variation were also removed (where s.d. was in the lowest quartile \<0.12030). After filtering, a total of 121 paired samples remained, with 29 765 probes. Data were normalized using quantile normalization, and ComBat was used to control for batch effects.^[@bib15]^ Probes of interest were ILMN_1753342 (*SAT1*), ILMN_1701134 (*PTEN*), ILMN_1779010 and ILMN_2296697 (mean expression level was used for *MAP3K3*) and ILMN_1807042 (*MARCKS*).

Phenotype definition
--------------------

Suicidal ideation was assessed weekly using items from the clinician-rated 17-item Hamilton Rating Scale for Depression, the Montgomery-Åsberg Depression Rating Scale and the self-report Beck Depression Inventory.^[@bib16],\ [@bib17],\ [@bib18]^ Response options of these items are shown in [Table 1](#tbl1){ref-type="table"}.

The three items were combined into a composite suicidal ideation score using item response theory.^[@bib19]^ Significant suicidal ideation at baseline was defined as at least 1 s.d. above the minimum score on the composite scale.^[@bib19]^ As previously described, treatment-worsening suicidal ideation was considered an increase of at least 0.5 s.d., above their original score in a patient with significant suicidal ideation at baseline. Treatment-emergent suicidal ideation was defined as surpassing the threshold for suicidal ideation and an increase of 0.5 s.d. above their original score, in patients without significant suicidal ideation at baseline.^[@bib19]^ Individuals with either treatment-emergent suicidal ideation or treatment-worsening suicidal ideation at any point during the 12-week study were used as cases of treatment-related suicidal ideation (RxSI+ *n*=20). The worst week for suicidal ideation emerging or increasing was week 5 and none of the patients became suicidal or worsened after week 8.^[@bib19]^ This definition corresponds to an increase of one unit on the Hamilton Rating Scale for Depression, as used by Le-Niculescu *et al.*^[@bib5]^ Individuals with scores under the threshold for suicidal ideation at each week and who did not show an increase of \>0.5 s.d. above their baseline score were used as controls (non-SI; *n*=37).^[@bib19]^ The remaining individuals with paired transcriptomics data were excluded as they did not meet this case or control definition (*n*=64).

Statistical analysis
--------------------

Two analyses were used to test for change in expression in RxSI+ patients and control (non-SI) patients. In a within-subjects design, a paired sample *t*-test was used to compare gene expression at week 0 and week 8 within the case and control groups, following the protocol used by Le-Niculescu *et al.*^[@bib5]^ In a between-subjects design, the relationship between case (RxSI+) and control (non-SI) status and change in gene expression (week 8−week 0) was assessed using logistic regression, co-varying for age, sex, drug treatment, gene expression at week 0 and also center of recruitment, to capture any remaining variation in population structure.

Power calculation
-----------------

This study had 98% power to detect a standardized difference in expression of 1.14 between cases with suicidal ideation versus non-suicidal controls, the largest reported difference in gene expression in the original paper.^[@bib5]^ There was also good power to detect smaller changes in gene expression between cases and controls, with 80% power to detect an effect size of 0.79 and 60% power to detect an effect size of 0.62.

Results
=======

Individuals with suicidal ideation were significantly older than controls (*P*=0.02), whereas there was no difference in sex or drug treatment between suicidal ideation cases and controls ([Table 2](#tbl2){ref-type="table"}).

Within-subjects comparison
--------------------------

No significant difference in expression between week 0 and week 8 was detected for any gene, within either the RxSI+ cases or the non-SI controls ([Table 3](#tbl3){ref-type="table"}). Further, initiation of antidepressant treatment had no effect on the expression of these four genes in RxSI+ cases and non-SI controls ([Figure 1](#fig1){ref-type="fig"}).

Between-subjects comparison
---------------------------

The change in gene expression from week 0 to week 8 was compared between RxSI+ cases and non-SI controls using logistic regression, co-varying for age, sex, drug treatment, gene expression at week 0 and center of recruitment. There was no significant difference in the change in gene expression between cases versus controls for any gene tested ([Table 4](#tbl4){ref-type="table"}).

Discussion
==========

Suicidal ideation is difficult to predict and assess, so the use of objectively measured biomarkers would be advantageous. Contrary to the findings of Le-Niculescu *et al.*,^[@bib5]^ our analysis of the blood expression levels of *SAT1, PTEN, MAP3K3* and *MARCKS* genes showed no difference between depressed patients with suicidal ideation versus those without.

Although the sample size in this study is small (*n*=20 cases and *n*=37 controls), it is larger than the primary analysis, which used a discovery cohort of nine patients and three small and heterogeneous replication samples.^[@bib5]^ The original analysis was conducted in an all-male sample and so results may lack generalizability. The GENDEP sample is mixed and thus more representative of the natural epidemiology of suicidality in major depressive disorder.^[@bib20],\ [@bib21]^ The index of suicidal ideation used here incorporates three clinical scales (including that used in the original report) with a mixture of patient self-report and clinician ratings. The within-subjects analysis used to compare gene expression at week 0 and week 8 is a powerful design as it can remove the possible influence of genetics, as well as other patient-specific factors, on suicidal ideation during the study period.^[@bib22],\ [@bib23]^ Furthermore, this study has 98% power to detect the effect sizes previously reported.

Expression of *SAT1* in our study was slightly lower in RxSI+ cases than in non-SI controls, though not significantly different. This is in the opposite direction to the findings reported by Le-Niculescu *et al.*,^[@bib5]^ though in support of previous studies, which demonstrated decreased levels of *SAT1* mRNA in several brain regions of suicide victims.^[@bib24],\ [@bib25],\ [@bib26],\ [@bib27],\ [@bib28]^

Assessment of blood biomarkers may not be a reliable representation of brain function but it does provide easily obtainable measures which could be useful in patient monitoring. Suicidal ideation is a complex phenotype and its etiology is poorly understood. It is likely that larger sample sizes and a model including multiple clinical and biological risk factors, will be required to form a robust predictor with clinical utility.
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###### Range of response options for HRSD-17, MADRS and BDI suicide items

  *Scale*   *Score*                                                                        *Meaning*
  --------- --------- ----------------------------------------------------------------------------------------------------------------------------------------------------
  HRSD-17   0                                                                                Absent
            1                                                                    Feels life is not worth living
            2                                                  Wishes he/she were dead, or any thought of possible death to self
            3                                                                Suicide ideas or half-hearted attempt
            4                                                                           Attempts suicide
  MADRS     0--1                                                               Enjoys life or take it as it comes
            2--3                                                         Weary of life. Only fleeting suicidal thoughts
            4--5       Probably better off dead. Suicidal thoughts are common, and suicide is considered as a possible solution, but without specific plans or intentions
            6                                        Explicit plans for suicide when there is an opportunity. Active preparation of suicide
  BDI       0                                                                                Absent
            1                                                                      Thought of killing myself
            2                                                                     I would like to kill myself
            3                                                            I would like to kill myself if I had a chance

Abbreviations: BDI, Beck Depression Inventory; HRSD, Hamilton Rating Scale for Depression; MADRS, Montgomery--Åsberg Depression Rating Scale.

###### Characteristics of the GENDEP suicidal ideation sample

                            *RxSI+ cases (*n*=20) (%)*   *Non-SI controls (*n*=37) (%)*   P-*value*
  ------------------------- ---------------------------- -------------------------------- -----------
  Sex                                                                                     1.000
   Male                     5 (25.0%)                    10 (27.0%)                        
   Female                   15 (75.0%)                   27 (72.9%)                        
  Mean age (years) (s.d.)   48.7 (13.3)                  39.8 (12.8)                      0.020
  Drug                                                                                    0.779
   Escitalopram             12 (60.0%)                   25 (67.6%)                        
   Nortriptyline            8 (40.0%)                    12 (32.4%)                        

Abbreviations: non-SI, controls without suicidal ideation; RxSI+, treatment-related suicidal ideation. *P*-value was determined using a chi-squared test, with the exception of age, where a nonparametric Mann--Whitney *U*-test was used.

###### Difference in gene expression between week 0 and week 8

  *Gene*     *RxSI+ cases*    *Non-SI controls*                    
  ---------- ---------------- ------------------- ---------------- -------
  *SAT1*     −0.072 (0.311)   0.312               0.018 (0.196)    0.570
  *PTEN*     −0.037 (0.361)   0.648               −0.014 (0.365)   0.817
  *MAP3K3*   0.023 (0.194)    0.591               0.009 (0.269)    0.834
  *MARCKS*   −0.148 (0.353)   0.075               −0.003 (0.306)   0.950

Abbreviations: non-SI, controls without suicidal ideation; RxSI+, treatment-related suicidal ideation. *P*-values were calculated using a paired *t*-test.

###### Difference in change in gene expression between week 0 and week 8 in cases versus controls

  *Gene*     *Regression coefficient*   *Standard error*   P*-value*
  ---------- -------------------------- ------------------ -----------
  *SAT1*     −2.067                     1.707              0.226
  *PTEN*     −0.737                     1.265              0.560
  *MAP3K3*   −2.326                     2.541              0.360
  *MARCKS*   −2.240                     1.401              0.110

*P*-values were calculated using a logistic regression controlling for age, sex, drug, expression at week 0 and center of recruitment.
